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The relationship between land use and water quality status is complex and likely to be site-speciﬁc, and more work is needed for
it to be clearly quantiﬁed. Theref National Cheng Kung University, No 1 University Road, Tainan 701ore, the main objective of
this paper was thus to identify and investigate status of waterbodies (lakes and rivers) by using appropriate predictive index
assessment tool coupled with the offered Adaptive Co-Management (ACM) methodology towards sustainability of water quality
and ecology in Indonesia. We then present a comprehensive assessment as baseline information to describe the existing condition
of waterbody status in study area. The results indicated that the basic requirements of predictive index assessment tool, expressed
as indicator: criteria and attributes, are use-speciﬁc or targeted to the protection of the watershed and waterbodies uses among a
number of land use policies. In some situations, even stricter requirements and policies are necessary to achieve sustainability of
water quality and ecology in Indonesia.
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(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
With a rapidly expanding global land use development, decreasing surface water quality is an issue of growing
concern around the world (Wu & Tan, 2012; Abdel-Dayem, 2011). One of the major causes of such water pollution
is change of land use, which can produce various efﬂuents in domestic, agricultural, and industrial areas. A number
of studies on the effects of changes in land use on surface water conditions have been conducted (Li, Gu, Tan, &
Zhang, 2009; Mouri, Takizawa, & Oki, 2011), but it seemed complex and likely to be site-speciﬁc, and more work is
required to quantify this (Seeboonruang, 2012). Researchers have also shown that the various attributes of
watersheds, such as morphological and geological factors, as well the local socio-economic conditions, can inﬂuence
the status of surface waterbodies through physical, chemical, biological or bacteriological parameters (Herricks &
Suen, 2006; Kang et al., 2010; Miserendino et al., 2011; Richardson, Flanagan, Ho, & Pahl, 2011). However, only a
few have used predictive indexes to link the relationship between watershed and waterbody. Therefore, an important
ﬁrst step is to identify the key watershed indicators that affect the quality of waterbodies (Guimaraes & Magrini,/10.1016/j.iswcr.2015.06.009
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Fig. 1. Location of study area.
R.Y. Tallar, J.-P. Suen / International Soil and Water Conservation Research 3 (2015) 224–238 2252008). One simple and powerful index is the Watershed Sustainability Index (WSI) that combines several watershed
indicators into a single number (Chaves & Alipaz, 2007).
Moreover, it is also necessary to measure and monitor water quality by selecting certain parameters that together
provide a representative picture of the status of waterbodies. Since water quality is based on a set of complex
interactions, the impacts that various factors have may be impossible to isolate and study individually. Some
researchers have addressed this issue by using the predictive index of water quality, which consists of certain
physical, chemical, biological and bacteriological parameters that provide information above overall it. This approach
has been applied in many cases and areas around the world (Cude, 2001; Liou, Lo, & Wang, 2004; Bordalo,
Teixeira, & Wiebe, 2006; Shuhaimi-Othman, Lim, & Mushrifah 2007). Many government agencies have also
developed different standards for various uses of water, which differ in the terminologies used and the selection of
indicator parameters (Bordalo et al., 2006; Sarkar & Abbasi, 2006). Nevertheless, this approach is widely accepted
by academic and practitioners in many ﬁelds, especially when the water quality data is lacking and not easily
obtained.
As a developing country, Indonesia faces many water quality problems due to changes in land-use and human
activities within the surface waterbodies (Verburg, Veldkamp, & Bouma 1999; Pawitan & Haryani, 2011). It has a
long history of the increase of water pollution due to the unsuccessful applications of land use associated with
environmental policies in many waterbodies (Djuangsih, 1993; Dsikowitzky et al., 2011; Pawitan & Haryani, 2011).
R.Y. Tallar, J.-P. Suen / International Soil and Water Conservation Research 3 (2015) 224–238226The selected study area is Depok Area, West Java Province, a buffer zone and water recharge zone for Jakarta City,
the capital of Indonesia (Fig. 1).
In this study, we used several predictive index assessment tools: the West Java Water Sustainability Index (WJWSI)
along with the Storage and Retrieval of Water Quality Data (STORET) Index based on the Indonesian Ministry of
Environment Policy No. 115 Year 2003 (Guidelines for water quality assessment) and Water Quality Index (WQI). To
describe the reviews of water quality status using three predictive water quality index: the National Sanitation Foundation
(NSF), the River Pollution Index (RPI), and the Malaysian Department and Environment (MDE) then compared with
Indonesia government's regulation, and analyzed by using Principle Component Analysis (PCA) and Cluster Analysis
(CA). Therefore, the main objective of this paper was thus to identify and investigate status of waterbodies (lakes and
rivers) by using appropriate predictive index assessment tool coupled with the offered Adaptive Co-Management (ACM)
methodology towards sustainability of water quality and ecology in Indonesia.Material and methods
The general methodology of this study can be seen on Fig. 2. First, the concept of the index was performed
according to the purpose in order to aid in the assessment of watershed and waterbodies condition. The watershed
attributes that affect the status of surface waterbodies can be measured by applying one or more of the related
indexes, and this approach has been used to assess many study areas (Bordalo et al., 2006; Chaves & Alipaz, 2007;
Komnenic et al., 2009; Juwana, Perera, & Muttil, 2010). In this study, we used WJWSI which represents the
watershed condition and both STORET index and WQI which represents the waterbodies condition.
Former WQI have been developed for general water purposes, such as Horton's Index, NSF for United States, the
RPI for Taiwan R.O.C, and MDE for Malaysia and many other countries with their own WQI. However, only a few
WQI have been developed based on speciﬁc water use purposes with certain water quality parameters. It can be
assumed that many applications of WQI worldwide use different methods based on their speciﬁc aims. Indonesia also
provide STORET index for measuring the status of waterbody.
Regarding the STORET index, it was developed and has been used to determine the status of surface waterbodies
in Indonesia (Ratnaningsih, 2010). Further detail about the index can be seen on the Indonesian Ministry of
Environment No. 115 Year 2003: Guidelines for water quality assessment. For quick information of this method, it
consists of several steps, as follows: ﬁrst, the maximum, minimum and average water quality of each observed
parameter should be deﬁned. Second, the resulting data is compared with the water quality standards in the
Indonesian government's Policy No. 82 Year 2001 (Table 1), and given a score of zero if it is within the appropriate
range, and another of otherwise. Finally, the total score is used to describe the water status (Table 2).Fig. 2. The methodology of study.
Table 1
Criteria of water quality based on class.
Parameter Unit Class
I II III IV
Temperature 1C Deviation 3 Deviation 3 Deviation 3 Deviation 5
TDS mg/L 1000 1000 1000 2000
TSS mg/L 50 50 400 400
pH – 6–9 6–9 6–9 5–9
BOD mg/L 2 3 6 12
COD mg/L 10 25 50 100
DO mg/L 6 4 3 0
TP mg/L 0.2 0.2 1 5
NO3 mg/L 10 10 20 20
Ammonia mg/L 0.5 (–) (–) (–)
Ar mg/L 0.05 1 1 1
Co mg/L 0.2 0.2 0.2 0.2
Ba mg/L 1 (–) (–) (–)
B mg/L 1 1 1 1
Se mg/L 0.01 0.05 0.05 0.05
Cd mg/L 0.01 0.01 0.01 0.01
Cr (VI) mg/L 0.05 0.05 0.05 1
Cu mg/L 0.02 0.02 0.02 0.2
Fe mg/L 0.3 (–) (–) (–)
Pb mg/L 0.03 0.03 0.03 1
Mn mg/L 0.1 (–) (–) (–)
Hg mg/L 0.001 0.002 0.002 0.005
Zn mg/L 0.05 0.05 0.05 2
Cl mg/L 600 (–) (–)
CN mg/L 0.02 0.02 0.02 (–)
F mg/L 0.5 1.5 1.5 (–)
N mg/L 0.06 0.06 0.06 (–)
SO4 mg/L 400 (–) (–) (–)
H2S mg/L 0.002 0.002 0.002 (–)
Fecal coliform total/100ml 100 1000 2000 2000
Total coliform total/100ml 1000 5000 10,000 10,000
Oil & grease mg/L 1000 1000 1000 (–)
Detergent mg/L 200 200 200 (–)
Phenol mg/L 1 1 1 (–)
BHC mg/L 210 210 210 (–)
Aldrin mg/L 17 (–) (–) (–)
DDT mg/L 2 2 2 2
Lindane mg/L 56 (–) (–) (–)
Methoxychlor mg/L 35 (–) (–) (–)
Endrin mg/L 1 4 4 (–)
Toxaphan mg/L 5 (–) (–) (–)
Table 2
Classiﬁcation of water status based on the STORET index.
Score Grade Status
0 A Very good
1rxr10 B Good
11rxr30 C Polluted
r31 D Highly polluted
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R.Y. Tallar, J.-P. Suen / International Soil and Water Conservation Research 3 (2015) 224–238228Meanwhile, the WJWSI is derived from the WSI, which is a watershed speciﬁc index that takes into account
cause-effect relationships and considers the policy responses implemented in a given period in order to assess a
waterbody's sustainability. Further information about the concept of WSI can be studied from Chaves and Alipaz
(2007). The WJWSI is focused on the sustainability of watersheds in West Java Province, Indonesia (Juwana, Muttil,
& Perera, 2012). The results of this index can give decision makers information on current water conditions in the
various catchment areas, including the study area since it located within West Java Province. Tables 3 and 4 show the
dimensions, attributes, thresholds and interpretations of the WJWSI. The application of the WJWSI is considered a
variety of information each attribute and the related sub-indexes.
In calculating WJWSI, the effect of land use change was embodied within each attributes which can be explained
as follows: regarding the attribute of water availability, we assumed that the maximum amount of water available forTable 3
Dimensions and attributes of WJWSI. Thresholds are deﬁned based on Juwana et al. (2012).
Dimension Attributes Unit Thresholds
Maximum Minimum
Water resource conservation Water availability m3/cap/yr 1700a 500b
Water quality – 0a 31b
Land use changes % 100b 0a
Water use Water demand % 40b 0a
Coverage % 80a 0b
Water loss % 15b 0a
Policy and governance Information disclosure 0; 25; 75; 100 (categorical scale)
Governance structure 0; 25; 75; 100 (categorical scale)
Poverty % 20b 0a
Education % 100a 0b
Law enforcement 0; 25; 75; 100 (categorical scale)
Human health Sanitation % 100a 0b
Health impact cases/1000 people 2b 0a
aPreferable;
bNot preferable.
Table 4
Interpretation of the results of the WJWSI's sub-indexes.
Sub-index (x) Performance Priority of action
0rxo25 Poor High
25rxo50 Fair Medium
50rxo75 Good Low
75rxo100 Excellent Very low
Table 5
The classiﬁcation of water quality based on the purpose.
Class Purpose
I Drinking water
II Recreation
III Aquaculture
IV Agriculture and other equal purposes
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the actual value for water availability (Falkenmark, Rockstrom, & Karlberg, 2009; Juwana et al., 2010). The
contribution of rainfall to the study area is only 376.55 m3/cap/year, which is below the minimum threshold value forTable 6
The results of the STORET index for lakes in Depok Area.
Lake Year
2009 2010 2011
Grade Status Grade Status Grade Status
Tipar 9 B – – – –
Buperta 12 C 18 C 21 C
Asih Pulo 0 A 9 B – –
Pedongkelan 0 A 18 C 21 C
UI 6 B 0 A – –
Pladen 21 C 18 C 21 C
Cilodong 12 C 0 A 24 C
Bojong Sari 0 A 0 A 27 C
Pancoran Mas 0 A 18 C 27 C
Citayam 12 C 18 C 18 C
Bahar 30 C 18 C 21 C
Cilangkap 12 C 9 B 21 C
Gadog 30 C 18 C – –
Rawa Besar 12 C 0 A 27 C
Studio Alam 0 A 9 B 27 C
Jati Jajar 0 A 18 C 24 C
Pengasinan 0 A 6 B – –
Rawa Kalong 6 B 24 C –21 C
Pengarengan 6 B 24 C – –
Note: A¼Very Good; B¼Good; C¼Polluted; D¼Highly Polluted; (–)¼No Data.
Table 7
The results of the STORET index for rivers in Depok Area.
Rivers Year
2009 2010 2011
Grade Status Grade Status Grade Status
Baru 12 C – – – –
Cabang Timur 6 B 18 C 21 C
Cipinang 0 A – – – –
Grogol 6 B 18 C 21 C
Laya 0 A – – –
Ciliwung 6 B 18 C 21 C
Cikumpa 24 C 18 C 24 C
Pasanggrahan 6 B 6 B 27 C
Manggis 6 B 15 C 27 C
Caringin 12 C 18 C 18 C
Krukut 12 C 18 C 21 C
Cabang Barat 6 B 18 C 21 C
Sugutamu 0 A 18 C – –
Angsana Yapan 6 B 24 C 27 C
Angke 6 B 18 C 27 C
Cabang Tengah 12 C 18 C 24 C
Note: A¼Very Good; B¼Good; C¼Polluted; D¼Highly Polluted; (–)¼No Data.
Table 8
The results of a comparative study among lakes in Depok Area.
NSF RPI MDE
2009 2010 2011 2009 2010 2011 2009 2010 2011
Lake WQI Quality WQI Quality WQI Quality RPI Status RPI Status RPI Status WQI Grade WQI Grade WQI Grade
Tipar 69 Medium ND ND ND ND 8 GP ND ND ND ND 42.74 Fair ND ND ND ND
Buperta 67 Medium 74 Good 66 Medium 4.25 MP 1.5 G 3.5 MP 56.82 Bad 78.03 Good 53.54 Medium
Asih Pulo 78 Good 76 Good 61 Medium 2 SP 2.25 SP 3.5 MP 75.25 Good 72.91 Good 53.06 Medium
Pedongkelan 67 Medium 75 Good 62 Medium 4 MP 1 G 4.5 MP 56.64 Medium 78.33 Good 50.67 Medium
UI 63 Medium 69 Medium 71 Good 3.25 MP 1 G 5.25 MP 52.97 Medium 78.16 Good 55.95 Medium
Pladen 51 Medium 71 Good 55 Medium 7 GP 2.25 SP 7.25 GP 23.89 Bad 72.20 Good 25.93 Fair
Cilodong 65 Medium 84 Good 64 Medium 4.25 MP 1 G 2.75 SP 72.21 Bad 80.97 Good 61.06 Medium
Bojong Sari 75 Good 75 Good 70 Medium 2.5 SP 2.25 SP 4.5 MP 68.98 Medium 72.84 Good 58.43 Medium
Pancoran Mas 64 Medium 69 Medium 51 Medium 3.75 MP 2.25 SP 4 MP 61.12 Medium 75.39 Good 43.05 Fair
Citayam 57 Medium 71 Good 62 Medium 7.25 GP 2 SP 5 MP –3.58 Bad 77.27 Good 32.62 Fair
Bahar 55 Medium 75 Good 50 Bad 7.25 GP 1 G 7.75 GP 1.95 Bad 77.94 Good 27.93 Fair
Cilangkap 69 Medium 77 Good 62 Medium 5.5 MP 1.5 G 4.75 MP 16.47 Poor 77.03 Good 50.10 Fair
Gadog 34 Bad 63 Medium 39 Bad 9 GP 2.25 SP 10 GP 0.74 Bad 69.94 Medium 23.12 Poor
Rawa Besar 58 Medium 87 Good 66 Medium 4.25 MP 1 G 3.25 MP 6.51 Bad 80.79 Good 41.63 Fair
Studio Alam 65 Medium 73 Medium 60 Medium 3 SP 2 SP 7 GP 64.42 Medium 77.09 Good 48.94 Fair
Jati Jajar 74 Good 72 Good 72 Good 2.75 SP 2.25 SP 2.75 SP 72.58 Good 66.35 Medium 68.76 Medium
Pengasinan 63 Medium 75 Good 60 Medium 4.5 MP 3.75 MP 5.75 MP 59.08 Medium 64.07 Medium 32.84 Fair
Rawa Kalong 60 Medium 69 Medium 64 Medium 4.25 MP 3.25 MP 3.5 MP 50.39 Medium 63.32 Medium 48.17 Fair
Pengarengan 60 Medium 69 Medium 65 Medium 6.5 GP 3.75 MP 5.75 MP 42.17 Fair 61.74 Medium 41.30 Fair
Note: G¼Good; SP¼Slightly Polluted; Moderate Polluted; Gross Polluted; ND¼No Data; Turbidity was neglected in the NSF method due to the absence of data.
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Table 9
The results of a comparative study among rivers in Depok Area.
NSF RPI MDE
2009 2010 2011 2009 2010 2011 2009 2010 2011
River WQI Quality WQI Quality WQI Quality RPI Status RPI Status RPI Status WQI Grade WQI Grade WQI Grade
Baru 55 Medium ND ND ND ND 5 MP ND ND ND ND 55.73 Medium ND ND ND ND
Cabang Timur 62 Medium 77 Good 55 Medium 6 MP 2 SP 8 GP 45.49 Fair 80.30 Good 47.28 Fair
Cipinang 62 Medium ND ND ND ND 5.25 MP ND ND ND ND 55.57 Medium ND ND ND ND
Grogol 56 Medium 72 Good 58 Medium 6 MP 2.25 SP 2.25 SP 35.64 Fair 72.21 Good 54.94 Medium
Laya 65 Medium ND ND ND ND 3.25 MP ND ND ND ND 73.20 Good ND ND ND ND
Ciliwung 69 Medium 78 Good 61 Medium 4.25 MP 1 G 3.5 MP 55.23 Medium 81.97 Good 59.99 Medium
Cikumpa 60 Medium 75 Good 59 Medium 5.5 MP 1 G 3.5 MP 48.51 Fair 79.28 Good 52.79 Medium
Pasanggrahan 60 Medium 73 Good 64 Medium 5 MP 2.25 SP 4.25 MP 13.52 Poor 65.75 Medium 48.79 Fair
Manggis 59 Medium 70 Good 64 Medium 6.5 GP 4.5 MP 6.25 GP 49.34 Fair 68.11 Medium 48.31 Fair
Caringin 64 Medium 73 Good 55 Medium 5 MP 2.25 SP 5.75 MP 6.52 Bad 73.33 Good 47.54 Fair
Krukut 57 Medium 70 Good 68 Medium 6.25 GP 2.75 SP 4.75 MP 11.10 Poor 67.05 Medium 63.86 Medium
Cabang Barat 58 Medium 73 Good 70 Medium 6.25 GP 1.5 G 4 MP 28.40 Fair 74.05 Good 65.99 Medium
Sugutamu 64 Medium 68 Medium ND ND 4.75 MP 2.25 SP ND ND 56.12 Medium 69.66 Medium ND ND
Angsana Yapan 63 Medium 70 Good 65 Medium 5 MP 3.25 MP 4.5 MP 57.26 Medium 61.37 Medium 53.88 Medium
Angke 55 Medium 72 Good 65 Medium 5.5 MP 2.25 SP 4.5 MP 35.85 Fair 72.36 Good 38.73 Fair
Cabang Tengah 56 Medium 73 Good 54 Medium 6.25 GP 1.5 G 6.75 GP 9.13 Poor 72.82 Good 40.28 Fair
Note: G¼Good; SP¼Slightly Polluted; Moderate Polluted; Gross Polluted; ND¼No Data; Turbidity was neglected in the NSF method due to the absence of data.
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R.Y. Tallar, J.-P. Suen / International Soil and Water Conservation Research 3 (2015) 224–238232water availability. According to the Indonesian government's Regulation No. 82 Year 2001, classiﬁcation of water
quality for class IV (Table 5) deﬁned as water usable for agriculture and/or other designation requiring the same
quality of water as the usage. For the attribute of water quality, the actual value was obtained by using the calculation
of the STORET index, and it was found that the average water quality in both lakes and rivers (given class IV) was
14.17 (Tables 6 and 7), and the sub-index value was 45.71. The other attributes are closely related with socio-
economic information and further detail calculations have been done in the previous study.
This study was obtained from several government policies, such as Master Plan (2010–2030) produced by the
Environmental Agency of Depok Area, while the socio-economic data were provided by the local government. The
multivariate statistical methods of PCA and CA were used in this work to evaluate the quality of the waterbodies in
the study area. The PCA method was used to reduce the water quality parameters, while CA was used to group and
identify any patterns of the various waterbodies based on their water quality characteristics. The rapid appraisal
method was also used to produce more comprehensive assessment results. The prospect of Adaptive Co-Management
(ACM) would be implemented in order to create a sustainable policy. ACM is a novel combination of the learningFig. 3. Dendrogram used for agglomerative hierarchical clustering (Ward's method) for waterbodies in Depok Area. (a) lakes 2009; (b) lakes 2010;
(c) lakes 2011; (d) rivers 2009; (e) rivers 2010; and (f) rivers 2011.
R.Y. Tallar, J.-P. Suen / International Soil and Water Conservation Research 3 (2015) 224–238 233dimension of adaptive management and the linkage dimension of co-management, an iterative process of decision
making whereby management strategies are progressively changed or adjusted in response to new information by
evaluating, planning, implementing, and monitoring. The emerging concept of ACM engages governments both local
and central government, proponents and planning participants explicitly in deﬁning issues, developing management
plans and monitoring outcomes.Results
A comparative study using three different WQI methods (NSF, RPI, and MDE) was carried out to evaluate spatial
and temporal changes in the quality of waterbodies in Depok Area, Indonesia, from 2009–2011. This comparative
study investigated the effectiveness of these methods with regard to classiﬁcation accuracy, before verifying the
results again the STORET index. The results of comparative study can be seen in Tables 8 and 9.Table 10
The results of the WJWSI in Depok Area.
Attributes Unit Actual value Sub-index Performance
Water availability m3/cap/yr 376.55 0 Poor
Water quality – 14.17 45.71 Fair
Land use changes % 55.12 55.12 Good
Water demand % 20 50 Good
Coverage – 50.47 63.09 Good
Water Loss % 30 0 Poor
Information – – 25 Fair
Disclosure
Governance – – 25 Fair
Structure
Education % 22.70 22.70 Poor
Poverty % 5.67 20.35 Poor
Health impact (cases/1000 people) 2 0 Poor
Sanitation % 20 20 Poor
Law enforcement – 25 Fair
Table 11
Total variance and initial eigenvalues obtained from PCA.
Component Initial eigenvalues
Total % of variance Cumulative %
1 3.483 24.881 24.881
2 2.412 17.229 42.109
3 1.939 13.851 55.960
4 1.281 9.153 65.114
5 1.068 7.630 72.743
6 0.952 6.800 79.544
7 0.858 6.125 85.669
8 0.768 5.487 91.156
9 0.545 3.890 95.046
10 0.240 1.717 96.762
11 0.221 1.576 98.338
12 0.194 1.389 99.727
13 0.038 0.273 100
14 8.117 108 5.798 107 100
R.Y. Tallar, J.-P. Suen / International Soil and Water Conservation Research 3 (2015) 224–238234To verify the results, we used the STORET index combined with hierarchical agglomerative clustering. The
STORET index results are shown in Tables 6 and 7, and present details of the related water status using four class IV.
Cluster analysis was then carried out on the normalized data using Ward's method, with squared Euclidian distances
used as a measure of similarity. This provides details of the similarities among sampling sites at both lakes and rivers
in study area, as seen in the dendrogram shown in Fig. 3. Moreover, the results of the STORET index are used with
the WJWSI to calculate the water quality attributes in the next step of the analysis. The overall results for the WJWSI
can be seen in Table 10.Table 12
Rotated component matrix of PCA.
Parameters Component
1 2 3 4 5
pH 0.059 0.164 0.048 0.037 0.744
TDS 0.292 0.732 0.018 0.091 0.146
TSS 0.019 0.042 0.027 0.510 0.455
Temp 0.949 0.112 0.025 0.102 0.099
Nitrite 0.096 0.320 0.051 0.079 0.602
DO 0.013 0.295 0.020 0.729 4.850 106
BOD 0.011 0.033 0.924 0.146 0.029
COD 0.004 0.017 0.928 0.060 0.020
Ammonia 0.100 0.865 0.101 0.187 0.057
Chloride 0.286 0.847 0.032 0.036 0.063
Sulfate 0.070 0.155 0.297 0.781 0.094
Detergent 0.070 0.572 0.067 0.005 0.172
Fecal coliform 0.987 0.068 0.026 0.102 0.034
Total Coliform 0.987 0.068 0.026 0.101 0.034
Table 13
The rapid appraisal method to evaluate the status of waterbodies in Depok Area
Component Evaluation Explanation
Success criteria Fair  The existing of regulations about water quality standard (Table 1) reﬂects the main criteria for water
quality status.
 Some parameters for the waterbodies of Depok Area exceed the speciﬁed limits, such as fecal coliform
and total coliform.
 Rivers and lakes should have different regulations depend on their physicochemical characteristics and
water purpose.
Available data
Poor  Lack of comprehensive data on both the quality and quantity of waterbodies in Depok Area.
 There is no daily or monthly recorded water quality data.
Deﬁnite purpose
Fair  The water purposes of waterbodies in Depok Area were categorized into classes II, III and IV.
 The water purposes were combined with each other due to unspeciﬁed water functions in the
waterbodies of Depok Area.
Appropriateness of
method
Fair  Several WQI have been used to assess the water quality status in the waterbodies of Depok Area.
 Based on the analysis, the selection of different parameters would inﬂuence the index.
 It was necessary to have a precise method based on the water purpose of each waterbody.
Design planning and its
application
Poor  Most waterbodies did not have detailed blue prints for the future planning.
 Lacks of applications, most waterbodies are not maintained.
Reproducible Monitoring
Program
Poor  The monitoring and management programs depend on the decisions of local governments, and are
closely related to the budget that is available for them.
 There are no guidelines to regularly monitor the water quality status in the waterbodies of Depok Area.
 A few waterbodies within Depok Area have different local government agents without clear
responsibilities.
R.Y. Tallar, J.-P. Suen / International Soil and Water Conservation Research 3 (2015) 224–238 235The cluster analysis revealed that water quality of waterbodies in Depok Area during the period 2009–2011 was
ﬂuctuations in the spatial variations of water quality. In 2009, Bojong Sari Lake, Pengasinan Lake, UI Lake, Rawa
Kalong lake, Cilodong Lake, Cilangkap Lake, Buperta Lake and Rawa Besar Lake are similarly clustered, indicating
that these lakes are more similar to each other than they are to any other lakes (Fig. 3a). However, in 2010 and 2011,
only few waterbodies i.e. UI Lake, Cilodong Lake and Bojong Sari Lake are consistent with similar level of pollution
(Fig. 3a–c). The results also showed that all rivers had varied ﬂuctuations (Fig. 3d–f). None of them have the same
similarities during the period 2009–2011. To learn further about this condition, PCA is also applied to identify any
patterns in the water quality parameters.Statistical analysis method
The water quality parameters were used as inputs in the PCA, which was carried out using the SPSS software,
version 17.0. Since these had different magnitudes and scales of measurements, so the data were standardized to
produce normal distributions (Mishra, 2010; Garizi, Sheikh, & Sadoddin, 2011). The initial PC, the related
eigenvalues and the percentage of variance contributed by each PC are shown in Table 11. Kaiser's rule of retaining
factors with eigenvalues larger than 1.00 was used in this analysis as the default, and the results showed that the ﬁrst
ﬁve PC were the most signiﬁcant components, representing 72.743% of the variance in water quality of waterbodies
in Depok Area.
Since we did not use the parameters as either dependent or independent variables in the analyses, removal of
variables with low communalities was not an issue (Ouyang, 2005; Bouza-Deano, Ternero-Rodriguez, & Fernandez-
Espinosa, 2008). Once the extraction of PC had been completed, the correlation matrix of components of varimax
rotated was obtained for ﬁve PCs, as shown in Table 12. It is noted that there were no correlations among the PCs,
which each component representing a discrete unit.
Table 12 shows that PC 1 had a high loading of temperature, fecal coliform and total coliform, and explained
24.881% of the total variance. This component indicates that temperature as the natural factor and fecal coliform and/
or total coliform as a human factor both highly affected the water quality. PC 2 explained 17.229% of the total
variance, with ammonia as the highest loading parameter. This component reﬂects the effect of speciﬁc domestic
efﬂuents that contain ammonia being released into the waterbodies, which can lead to degradation of aquatic
ecosystems and ﬁsh populations (Frances, Nowak, & Allan, 2000; Remen, Imsland, Stefansson, Jonassen, & Foss,
2008). PC 3 represented 13.851% of the total variance and is concerned with BOD and COD. PC 4, explaining
9.153% of the total variance, is associated with DO and sulfate. PC 5 only explained 7.630% of the total variance,
and is only related to nitrite. The results of the PCA show that the waterbodies in the study area were affected by
pollution from solid or liquid efﬂuents, such as sewage, released due to anthropogenic activities. Human factors thus
played a leading role in the changing water quality status found in this work.Fig. 4. The offered management methodology: Adaptive Co-Management framework.
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An assessment study using regional regulations was also completed to examine the results, and assessed whether
or not the indexes were compatible with the local conditions. The Government Regulation No. 82 Year 2001 Date 14
Dec 2001 with regard to Water Quality Management and Water Pollutant Control is the main set of water resources
policies in Indonesia, and this includes criteria or standards for various water purposes based on four classes, as
shown in Table 9, while the ranges for each parameter was performed without WQI (Table 1). Thus, this evaluation
process was very problematic, due to the considerable differences in the ranges of parameters among the various
WQI methods, which cannot be compared directly with the criteria of water quality. Therefore, we adjusted the water
quality data obtained for the waterbodies in Depok Area following the rapid appraisal method, and the results are
shown in Table 13.
The prospect of the Adaptive Co-Management (ACM)
We develop the offered management methodology framework adopting ACM process cycle (Fig. 4). In this study,
the ACM concept has been adopted in the offered methodological framework to accommodate the dynamic of
indicators and a focus for understanding the constraints and opportunities of both watershed and waterbody as
outlined in the government policy (Fig. 4). The idea is that success and failures described in study area with lessons
learnt can be useful stepping stones for both policy makers and related government ofﬁcers. Therefore the purpose is
to seek the prospect of the ACM that concerned with the adaptive processes and feedback learning for creating an
appropriate methodology towards sustainable development in study area.
Discussions
Indicators of sustainable watershed can be used to measure progress toward sustainability goals and to measure
conditions of particular parts of natural, social, economic, and management systems in study area. Based on the
results, the WQI and STORET method generally showed that the water quality had declined in this area. The
variation of WQI from 2009 to 2011 in study area indicated that there was a strong relationship between
anthropogenic activities with changes in the index. The PCA study also identiﬁed the principal of physical, chemical,
and bacteriological parameters that are used to determine the surface water quality in study area. The unique
characteristics of waterbodies in study area have also been revealed. Some water parameters have high
concentrations, such as fecal coliform and total coliform, which should be in trace amounts. Some parameters,
such as ammonia and pH, adversely affect aquatic life when present above certain concentrations, although their
presence in low amounts is essential to supporting aquatic ecosystems.
This study highlighted the application of predictive index assessment tools in the study area. We examined the
status of waterbodies in study area by using comprehensive approaches. As one of the advantage, we found that WQI
is representative enough to describe the water condition. Compare to STORET index that need a large number of
water quality parameters, WQI has fewer water quality parameters, so that it is considered efﬁcient, easy-to-use and
quick to be used. However, it is thus need to further consider the probable constraints such as different and speciﬁc
characteristics of certain waterbodies based on local conditions.
Since Depok Area is located in West Java Province, we use and provide important information from previous
study (Juwana et al., 2012) to compare the results in order to establish the accuracy and applicability of the model.
The overall results of WJWSI showed the similarity condition of watershed. Particularly in calculation of water
quality index, it seemed that WQI can replace the STORET index due to the efﬁciency, easy-to-use and quick
reasons. In context of the reliability of the model, the results indicated that predictive index assessment tools are
feasible enough to be applied. In implementing ACM, we are ﬁrst focused on the learning that is taking place in the
study area governance system. Following step is the regular assessment to monitoring the up-to-date conditions. New
information is the constant input of the ACM process regarding anticipate the change and response of watershed and
waterbody in the regional or local scale that emerge over time mostly due to threats. Public participations both
expert's opinion and local wisdom are needed to support the stakeholder's decision. Besides, it is also necessary to
satisfy public demand, however failure to balance between public demand and resource availability and capacity
would lead more cost in environmental degradation. Therefore, stakeholders should elaborate all in order to create a
R.Y. Tallar, J.-P. Suen / International Soil and Water Conservation Research 3 (2015) 224–238 237sustainable policy. Climate change and ecological issue were recognized by public participation as a common threat
to study area; however, when the study case was executed, no climate change data were available to explicitly
describe the situation as example. Only ecological issue can be further explained.
Conclusion
For sustainable development and sustainable management of watershed and waterbody are fundamental. The
Indonesian government has been making some effort to improve both the watershed and waterbodies' quality through
several existing policies. However, it still has some weakness points. In Indonesia, the problems often occur due to
inappropriate policies from central being applied in the local area. The policies are often not speciﬁed; therefore the
related local agents and stakeholders are required to translate into local policy based on their own characteristics. The
used indexes indicate that although several policies have been applied in the study area, it has not (yet) improved the
status of surface waterbodies. However, the index method and the methodology are assumed as an efﬁcient and easy-
to-use approach to anticipate the status of both watershed and waterbodies. Further suggestions, the constraints of
index which is reﬂected through indicators should be accommodated to the different characteristics for each area. For
example, the availability of water resources is different from one area and another, so every area should have their
appropriate index according to their own characteristics. In short, modiﬁcations to the indexes are sometimes needed
to account for the unique characteristics of certain areas, to ensure they are included in the calculations and analysis
(Loucks, 2000; Juwana et al., 2010). The results also indicated that the basic requirements of predictive index
assessment tool, expressed as indicator: criteria and attributes, are use-speciﬁc or targeted to the protection of the
watershed and waterbodies uses among a number of land use policies. In some situations, even stricter requirements
and policies are necessary to achieve sustainability of water quality and ecology in Indonesia.
Also for achieving the sustainable policy objectives of sustainable waterbody with public participation, initiating
adaptive management system becomes imperative. The offered methodology using ACM provides great possibilities
for incorporating among local capacities, government agents and knowledge systems to produce sustainable policy.
This study has also proven that ACM needs to be considered as a process embedded within regional or local planning
and public participation to produce sustainable policy in order to anticipate the change and response of watershed and
waterbody in the regional or local scale.
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